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Efficacy of shoulder exercises on locoregional 
complications in women undergoing 
radiotherapy for breast cancer: clinical trial
Eficácia dos exercícios para ombro nas complicações loco-regionais em 
mulheres submetidas a radioterapia para câncer de mama: ensaio clínico
Oliveira MMF1, Gurgel MSC1, Miranda MS2, Okubo MA2, Feijó LFA3, Souza GA1
Abstract
Objective: To investigate the effect of shoulder exercises during radiotherapy in relation to prevention of locoregional physical complications: 
limitation of range of motion (ROM) and functional capacity, arm circumference and scar tissue adhesion. Methods: Sixty-six women without 
shoulder ROM impairment following breast cancer surgery that included complete axillary dissection were allocated to one of two groups: 
32 in the physical therapy group (PG) (52.7±10.2 years), who underwent an exercise program; and 34 in the control group (CG) (48±10.1 
years). Shoulder ROM, upper-limb circumference and functional capacity and scar tissue adhesion were evaluated at the beginning and 
end of radiotherapy and six months after completing radiotherapy. Results: The PG showed improvements in flexion and abduction ROM 
between the first and third evaluations (flexion from 164.77°±8.9° to 167.98°±9.5° and abduction from 168.56°±10.0° to 175.62°±10.2°), 
which was not observed in the CG (flexion from 167.06±06° to 165.16°±9.2° and abduction from 169.71°±10.1° to 169.53°±12.8°). There 
was a statistically significant increase in ROM in the PG in relation to the CG (flexion, p=0.02; and abduction, p=0.004). The circumference 
and functional capacity were similar between the groups and the frequency of scar tissue adhesion in the CG was twice that observed in 
the PG (48% versus 24%, p=0.04). Conclusions: These results suggest that shoulder exercises favor maintenance of flexion and abduction 
ROM of the shoulder and minimize the incidence of scar tissue adhesion in women undergoing radiotherapy for breast cancer treatment.
Article registered in the UMIN Clinical Trials Registry under the number R000001387.
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Resumo
Objetivo: Verificar o efeito da realização de exercícios para o ombro durante a radioterapia na prevenção de complicações físicas loco-
regionais: limitação da amplitude de movimento (ADM) e da capacidade funcional, circunferência do braço e aderência cicatricial. 
Métodos: Sessenta e seis mulheres sem comprometimento de ADM de ombro no pós-operatório de cirurgia para câncer de mama com 
dissecção axilar completa foram alocadas em dois grupos, sendo 32 no grupo de fisioterapia (GF) (52,7±10,2 anos), o qual foi submetido 
a um programa de exercícios, e 34 no grupo controle (GC) (48±10,1 anos). A ADM do ombro, a circunferência e capacidade funcional 
dos membros superiores e a aderência cicatricial foram avaliados no início e no final da radioterapia e seis meses após seu término. 
Resultados: O GF apresentou melhora da ADM de flexão e abdução entre a primeira e terceira avaliação (Flexão: de 164,77°±8,9° para 
167,98°±9,5° e Abdução: 168,56°±10° para 175,62°±10,2°), o que não se observou no GC (Flexão: 167,06°±6° para 165,16°±9,2° e 
Abdução: 169,71°±10,1° para 169,53°±12,8°), demonstrando uma melhora significativa do GF em relação do GC (Flexão: p=0,02 e 
Abdução: p=0,004). A circunferência e a capacidade funcional foram similares entre os grupos e a frequência de aderência cicatricial 
no GC foi o dobro daquela observada no GF (48% e 24%, p=0,04). Conclusões: Esses resultados sugerem que exercícios para o 
ombro favorecem a manutenção da ADM de flexão e abdução de ombro e minimizam a incidência de aderência cicatricial em mulheres 
submetidas à radioterapia para tratamento por câncer de mama. 
Artigo registrado no UMIN Clinical Trials Registry sob o número R000001387.
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Introduction
Axillary lymphadenectomy associated with radiotherapy (RT) 
for breast cancer treatment is a matter for concern in most medi-
cal centers, because shoulder morbidity resulting from surgery and 
subcutaneous fibrosis (which is a biological effect from RT) results 
in limited shoulder range of motion (ROM)1-3. This ROM limita-
tion is generally caused by fibrosis in the greater pectoral muscle 
and by vascular or joint damage4,5, loss of strength and muscle 
trophism1. Moreover, the risk of developing lymphedema6 due to 
subcutaneous fibrosis and changes in vessel and lymphatic capil-
lary walls (thereby affecting local circulation7,8), may be 3.6 times 
higher in cases of axillary and supraclavicular RT. Lymphedema 
causes pain, discomfort, functional difficulty and changes in self-
image7-10. In addition, it affects the professional activities and qual-
ity of life11,12 of these patients.
RT may present complications, depending on the radiation 
dose, radiation field used, influence of other types of treatment 
(chemotherapy and hormone therapy) and factors relating to 
the patient, such as age, body mass index (BMI) and profes-
sional activity4,12,13.
The objective of physical therapy following breast cancer 
surgery is to restore the patient’s physical abilities, through pre-
venting and reducing edema, conserving muscle strength and 
elasticity and conserving functional ROM. It is adopted both 
curatively and preventively as a strategy for restoring women’s 
functional independence, reducing their anxiety levels and 
contributing towards improving their quality of life14.
The relevance of physical therapy following breast cancer 
surgery has been well documented in the literature3,14,15, al-
though adequate programs and the timing of postoperative ex-
ercises have yet to be established5. However, despite the known 
physical complications resulting from RT, women are usually 
not provided with physical therapy during RT10,11,16,17. The hy-
pothesis of this study was that the adoption of a rehabilitation 
program during RT could minimize its biological effect, with 
consequent functional improvement.
Therefore, the primary objective of this study was to deter-
mine whether supervised shoulder exercise during RT might offer 
some benefit for functional capacity and prevention of shoulder 
ROM limitation, while the secondary aim was to investigate the 
association of these exercises for preventing increases in homo-
lateral upper limb circumference and scar tissue formation (ad-
hesions) in women undergoing RT treatment for breast cancer.
Methods
A randomized, controlled clinical trial was carried out 
in the Department of Physical Therapy of the Women’s 
Integral Healthcare Center (CAISM) at Universidade Estadual 
de Campinas (UNICAMP), between May 2005 and September 
2006. The sample size was calculated to be 56, based on a study 
carried out by Gosselink et al.5, assuming an ? error of 5% and 
a ? error of 20%.
Seventy-two women were invited to participate in the 
study. All had undergone breast surgery for breast cancer and 
had received a manual containing instructions on arm care 
and routine activities, including illustrations and explanations 
of all exercises involving shoulder ROM to be performed at 
home. In addition, these women had taken part in a postopera-
tive rehabilitation program, in accordance with the standard 
protocol in use within the Rehabilitation Program of the Physi-
cal Therapy Service of CAISM, which includes physical therapy 
sessions (three sessions per week for four weeks) and talks 
given by a multidisciplinary team (nurse, psychologist and 
social worker). 
Women were included in this study if they presented a 
functional degree of ROM of the shoulder, which was defined 
as no deficit or less than 20° of flexion and abduction deficit in 
relation to the contralateral shoulder16.
The following patients were excluded from the study: those 
who had undergone RT prior to surgery, those with upper limb 
lymphedema and/or shoulder ROM limitation prior to RT, 
those for whom physical exercise was medically contraindi-
cated, those who had undergone bilateral breast surgery and 
those with local recurrence. Among the 72 eligible women, 
three (4.1%) refused to participate in the study, declaring dif-
ficulty in attending the physical therapy sessions.
The project was approved by the Internal Review Board of 
UNICAMP (034/2005), and all the women signed an informed 
consent form.
Intervention
A sequence of computer-generated random numbers was 
used to allocate the patients to one of two groups. Among 
the women selected, 35 were enrolled in the physical therapy 
group (PG) during RT and 34 in the control group (CG), who 
did not undergo physical therapy during RT. Three women allo-
cated to the PG were discharged between the first and second 
evaluations: two because of infection and chemotherapy com-
plications and one who dropped out of the treatment. For this 
reason, their physical data were not considered in the analysis. 
Furthermore, six women (three in the PG and three in the CG) 
were unable to receive the third evaluation (three died and 
three moved to another address); their data were nonetheless 
included in the analysis (Figure 1). 
The mean ages of the women in the two groups were similar 
(52.7?10.2 and 48.0?10.1 years in the PG and CG, respectively; 
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Figure 2. Illustration of exercises, including flexion, extension, abduction, adduction and internal and external rotation movements of the upper limbs. 
Source: Amaral et al.18.
Figure 1. Flowchart for study sample.
                                                     
Control Group (n=34) 
Analysis (n=32) Analysis (n=34)
Physical Therapy Group (n=35)
Analysis (n=29) Analysis (n=31)
3 refused to participate
Eligible patients (n=72)
Randomized (n=69)
Lost from follow-up (n=3): 
1 death and 2 changes of 
address
Discontinued (n=3) 
Dropped out of the 
exercise group
Lost from follow-up (n=3); 
2 deaths and 1 change of 
address
p=0.097) as were the mean BMIs (27.9?5.1 kg/m2 in the PG and 
24.7?4.9 kg/m2 in the CG; p=0.833). Table 1 shows the socio-
demographic characteristics,  clinical data and adjuvant treat-
ment. No statistically significant difference was found between 
the two groups.
Modified radical mastectomy (Patey) was the most com-
mon surgical procedure performed (44.9%). Dissection of all 
three axillary lymph node levels was performed in 94% of the 
women in the PG and 100% in the CG. RT was carried out in 
accordance with the protocol in use at the hospital. The radia-
tion fields involved the breast or chest wall in all cases and the 
supraclavicular fossa in 71.6%. A booster dose was applied to 
the tumor bed of 29 women (56.2%).
Physical therapy sessions were started concomitantly with 
RT, on average 90 days after surgery. A total of 18 sessions 
were performed during the treatment period (45 minutes for 
each session, three times a week). The physical therapy tech-
nique was kinesiotherapy, composed of 19 exercises including 
Shoulder exercises for women undergoing radiotherapy for breast cancer
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flexion, extension, abduction, adduction and internal and ex-
ternal rotation movements of the shoulders (Figure 2). Each 
exercise was performed individually or in combination15,18,19.
All exercises were performed with both arms in all physical 
therapy sessions. Exercises 1 to 14 and 16 were free active exer-
cises, with one series of 10 repetitions. The remaining exercises 
(15, 17, 18 and 19) were aimed at maintaining the elasticity of 
the connective tissue, with 10 repetitions in each direction, and 
each repetition was maintained for 10 seconds18.
A cobalt unit (CGR-MeV, Alcyon model) was used for 
radiation. The irradiated fields were the chest wall or breast 
at doses of 4500 or 5040 cGy, and the supraclavicular fossa at 
a dose of 5040 cGy. None of the women underwent axillary 
RT. Fractions of 180 cGy were applied daily, five days a week 
(Monday to Friday). A booster dose was applied to all cases 
of conservative surgery and exiguous mastectomy margins 
(less than 1 mm from the invasive carcinoma). In such cases, 
the dose was 1000 cGy in five fractions of 200 cGy, applied 
to the tumor bed.
The first evaluation was performed after surgery and during 
the week prior to RT. It consisted of a physical examination to 
measure shoulder ROM during flexion, abduction and external 
rotation, measurement of the upper limb circumference, func-
tional capacity and scar tissue formation (adhesions). The sec-
ond evaluation was carried out at the end of RT and the third 
evaluation was carried out six months after RT treatment. The 
evaluations and physical therapy sessions were carried out by 
three trained qualified physical therapists.
Measurements
Range of motion
Shoulder ROM was evaluated by goniometry. Flexion 
and external rotation were measured with the patient in 
the supine position, while abduction was evaluated with 
the patient in the lateral position. The segment undergoing 
evaluation needed to be in the anatomical position, with the 
proximal segment stabilized so as to permit only the desired 
joint motion. The women were asked to perform active mo-
tion so as to reach the greatest range possible, and the angles 
were recorded in degrees17,19.
Arm circumference
Bilateral arm circumference measurements were made 
using a universal flexible tape measure (in centimeters). Five 
different levels of the upper limbs were measured: olecranon 
process, forearm (beginning at the olecranon process, 7.5cm 
and 15cm towards the hand), and upper arm (beginning at the 
olecranon process, 7.5cm and 15cm towards the shoulder)14,19.
The arm was in a relaxed position next to the body5.
Table 1. Sociodemographic characteristics, clinical data and radiotherapy 
procedures according to group (N=69).
∞Determined by chi-square test; ? Determined by Fisher’s exact test; RM: Radical mastec-
tomy (including Halsted, Patey and Madden); Q+A: Quadrantectomy with axillary lymph 
node dissection; PG: Physical therapy Group; CG: Control Group.
PG (n=35) CG (n=34)
P
N % N %
Age (years) 0.2307?
<39 5 15.6 7 20.6
40–49 7 21.9 13 38.2
50–59 15 42.9 10 29.4
>60 8 25.0 4 11.8
Education level 
(grade)
0.3654?
Illiterate 1 2.8 3 8.6
1st–4th 18 52.9 12 34.3
5th–8th 9 26.5 8 22.9
High school 7 20.6 12 34.3
Surgery 0.7776∞
RM 23 65.5 24 70.6
Q+A 12 37.5 10 29.4
Stage 0.3753?
I 4 11.4 6 17.6
II 10 28.6 14 41.2
III 20 57.1 14 41.2
IV 1 2.9 0 0.0
Chemotherapy 1.0000?
Yes 33 94.3 32 94.1
No 2 5.7 2 5.9
Hormone therapy 0.3351∞
Yes 15 42.9 18 52.9
No 20 57.1 16 47.1
Irradiation of 
supraclavicular
fossa
0.7279∞
Yes 23 69.7 26 76.5
No 10 30.3 8 23.5
Chest wall or 
breast dose (cGs)
0.7090?
4500 4 12.1 3 8.8
5000 or 5040 29 87.9 31 91.2
Booster 0.8888∞
Yes 14 42.4 15 44.1
No 19 57.6 19 55.9
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Scar tissue formation (Adhesions)
The technique to evaluate scar tissue formation (adhe-
sions) followed the protocol of the Physical Therapy service.
Thus, decreased skin distension of the scar tissue and abnor-
mal tissue fixation around the scar tissue were subjectively 
evaluated by finger palpation of the scar and surrounding 
area with the patient undressed and at rest. Scar tissue (adhe-
sion) was classified as present or absent.
Functional capacity of the shoulder
A subjective functional assessment was made, based on
a scale used by Wingate14 relating to arm function and ROM
of women with breast cancer. The patients were asked to
compare the difficulty in performing six motions involving 
the shoulder (hooking a rear-fastening bra, reaching the ipsi-
lateral scapula from below, reaching the contralateral scapula 
from above, making the bed, and carrying groceries weighing 
3 to 4 kg). The patients were asked to express their difficulty 
in performing each movement on a score ranging from 0 to 4
(none, slight, moderate, maximum or unable to perform the
task, respectively). A final total score ranging from 0 to 24 was
obtained by adding the evaluated topics. The lower the final
score was, the greater the patient’s functional capacity.
Statistical analysis
The chi-square test and Fisher’s exact test were used to
investigate the homogeneity of categorical variables between
the groups. The t-test was used to compare ages and the
Mann-Whitney test was used to compare the BMI between
groups. The measurements of flexion, rotation and abduc-
tion were evaluated with the means for both shoulders (ip-
silateral and contralateral) and with the difference between
them. The data were tested for normal distribution using the
Kolmogorov-Smirnov test and, if normality was detected, the
three evaluations were compared by means of multivariate
analysis of variance (MANOVA), using Wilk’s test, to evaluate
group and time effects between groups. Friedman’s test was
used for this in cases of non-normally distributed data. The
significance level was set at p<0.05. The software used for the
analysis was SAS 9.1.3.
Results
Range of motion
Longitudinal ROM comparisons on the shoulder ipsilateral
to the surgery, obtained from the three evaluations, revealed
improved behavior in the PG compared with the CG, for flexion
and abduction (p=0.02 and 0.006, respectively) (Figure 3). No
such improvement was observed regarding external rotation
movements of the shoulder joint (p=0.71).
The patients in the PG presented increased flexion ROM,
whereas the control patients had slightly decreased ROM,
comparing the mean values at the beginning and end of RT
(p=0.007). Significant improvements in flexion and abduc-
tion ROM were found in the PG women compared with the
control women (p=0.022 and 0.021, respectively) between the
beginning of RT and six months after completion of RT. Finally,
comparing ROM at the end of RT with the values obtained six 
months after RT, a significant improvement in abduction was
Beginning Conclusion 6 months
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Figure 3. Mean shoulder ROM values at the beginning of radiotherapy,
at its conclusion and six months later, according to group.
A
B
C
A: Flexion; B: Abduction; and C: External Rotation.
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observed in the PG women compared with those in the CG 
(p<0.0001). No such improvement was found regarding flexion 
movements (Figure 3).
At the beginning of RT, both groups presented a ROM 
deficit in the shoulder ipsilateral to the surgery in compari-
son to the contralateral shoulder, for flexion (PG: -10.2°±9.2°;
and CG: -7.4°±11.2°) and abduction (PG: -6.81°±18.5°; and 
CG -7.7°±9.8°). This deficit was found to have decreased in 
the PG ( flexion: -5.8°±8.5°; and abduction: -3.9°±12.7°) and 
increased in the CG ( flexion: -11.3°±13.4°; and abduction: 
-10.3°±19.7°) at the last evaluation, thus demonstrating a sta-
tistically significant improvement in the PG in relation to the 
CG (Flexion: p=0.001; and abduction: p=0.05).
Arm circumference 
No statistically significant differences in arm circumference 
measurements were found between the PG and CG women at 
the three evaluated times (p=0.15).
Scar tissue (adhesion)
The frequency of scar tissue formation (adhesion) was simi-
lar in the PG (28%) and the CG (27%) (p=0.9081) at the initial 
evaluation. A similar increase was found in both groups at the 
end of the RT (PG 68.8%, CG 61.1%; p=0.4021). However, the 
evaluation performed six months after RT showed that the 
women who had not undergone physical therapy presented in-
creased frequency of scar tissue formation (adhesion) (48.8%), 
while those who had undergone supervised shoulder exercises 
presented decreased frequency (24%) (p=0.04).
Functional capacity
There was no statistically significant difference (p=0.43) in 
functional capacity between the groups. However, the women 
in the PG initially had greater difficulty in performing the ac-
tivities requested, compared with the women in the CG. At the 
end of RT, there was a reversal in this behavior, such that the 
control women had more difficulty than the women in the PG. 
Six months later, the women in the PG had less difficulty in 
carrying out the movements than in the evaluation prior to ra-
diotherapy. In contrast, the mean functional capacity score of 
the control women increased in relation to the first evaluation, 
thus indicating a trend towards greater difficulty in carrying 
out the activities (Table 2).
Initially, 55.5% of the women in the PG reported no dif-
ficulty in carrying out the activities, and these percentages 
increased at the second and third evaluations (59.7% and 
66%, respectively). However, in the CG these percentages 
decreased throughout the follow-up period (65.7%, 65.7% and 
58%, respectively).
Discussion
This study was carried out among women undergoing RT 
for breast cancer treatment. Comparisons were made between 
two different groups. The women in the first group (PG) were 
given supervised shoulder exercises during RT while those in 
the second group (CG) were not.
Mechanical stimulation by free active exercises and stretch-
ing may minimize the functional damage triggered by RT dur-
ing the process of tissue repair18. Exercises also provide mobility 
and flexibility to the soft tissues surrounding the joint18.
The present analysis suggests that shoulder exercises (ac-
tive exercising and stretching), applied during RT for breast 
cancer treatment, prevents limitations of shoulder ROM relat-
ing to flexion and abduction, minimizes the incidence of scar 
tissue formation (adhesions) and encourages improvement 
in functional capacity. However, over the period of this study, 
no association was found between exercise and changes in 
arm circumference.
Women with full ROM function prior to RT have been 
reported to have a 24% chance of developing persistent prob-
lems with shoulder movement, due to changes in muscles 
and soft tissue20. In our study, a statistically significant differ-
ence in ROM between the groups studied was observed, with 
reductions in ROM function relating to flexion and abduction 
at the end of RT and six months after completion of RT in 
the CG, and increased ROM in the PG. The mean decrease 
in flexion ROM in the CG had a small clinical impact, given 
that this difference did not influence the performance of 
daily activities. In contrast, the increased ROM found in the 
PG benefited the stretching of the tissues involved (muscle, 
fascia, tendon and skin), thereby preventing complications 
and contributing towards the performance of daily activities. 
Blomqvist et al.17 evaluated 75 women who had undergone 
modified radical mastectomy (30 of them received RT) and found 
that radiation was the greatest cause of impaired ROM. These 
investigators concluded that patients undergoing RT should be 
PG: Physical therapy Group; CG: Control Group.
Table 2. Mean functional capacity score at the beginning of radiotherapy, 
at its conclusion and six months later, according to group.
PG CG
n Mean±SD n Mean±SD
Beginning 32 5.5±5.7 34 3.6±4.4
Conclusion 32 4.3±4.7 34 3.4±4.3
6 months 29 4.0±5.6 31 5.0±5.3
Oliveira MMF, Gurgel MSC, Miranda MS, Okubo MA, Feijó LFA, Souza GA
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encouraged to participate in routine rehabilitation programs, 
thereby gaining from intensive physical therapy over a longer 
period of time17. These findings are in agreement with our results, 
which found improvements in ROM relating to flexion and abduc-
tion among the patients in the PG during RT, and this improve-
ment was maintained after the six-month follow-up period. 
Hwang et al.3 reported that after radiotherapy, shoulder 
ROM in all directions increased in the exercise group and de-
creased in the control group. However, a study conducted to 
investigate whether a stretching program would reduce acute 
musculoskeletal impairments among patients undergoing ra-
diotherapy for breast cancer, with shoulder ROM, strength, arm 
circumference and quality of life measured before and at the end 
of RT, and seven months after RT, reported that breast symp-
toms increased in both groups (control and pectoral stretch-
ing) during RT, without loss of strength or ROM1. The authors 
believed that the pectoral stretching program did not influence 
the outcomes measured because the symptoms reported by 
the patients were not a consequence of contracture1.
There is contradictory data in the literature regarding RT 
and the development of lymphedema9-11,21. Morrell et al.22 re-
ported that adjuvant RT applied to the breast or lymph nodes 
increased the risk of lymphedema, which was present in 9-40% 
of patients22. In a randomized clinical trial conducted on 381 
women undergoing segmentectomy and axillary lymph node 
dissection, it was found that radiation restricted to the breast 
resulted in no adverse effect on the arm during the first three 
years following surgery23.
In our study, the mean circumferential measurements of 
the arms remained stable throughout the follow-up in both 
groups, thus suggesting that RT was not associated with the 
risk of developing lymphedema during the period studied. 
However, this period is considered insufficient, because stud-
ies have shown that the prevalence of lymphedema increases 
with length of time since radiotherapy, ranging from 0-23% in 
the first two years to 45% after 15 years or more24.
Scar tissue formation (adhesion) was present at the be-
ginning of the study in similar proportions in both groups. 
However, in the evaluation performed six months after RT, the 
prevalence of scar tissue formation (adhesion) in women who 
had not done supervised shoulder exercises during RT was 
twice that of the women in the control group. 
The lower rate of scar tissue formation (adhesion) in the PG 
may be related to the improved ROM achieved by women in this 
group, because additional physical therapy during RT or shortly 
afterwards encouraged patients to move their shoulders through 
the full range. Adherence between muscles, subcutaneous tissue 
and skin in the axillary and pectoral regions mechanically in-
hibits shoulder movement, and RT and chemotherapy increase 
the strong fibrotic connections between these structures25.
Stretching the scar tissue and muscles reduces the strong con-
nection between the skin and underlying tissue and reduces 
muscle limitation, thereby improving shoulder mobility25.
Some studies consider that physical therapy prior to ra-
diation is insufficient, given that approximately 50% of women 
undergoing RT report substantial impairment of arm function 
three months after surgery, due to slow healing of the scar 
tissue and accentuated tissue fibrosis triggered by RT5. These 
findings indicate that greater attention should be given to 
follow-up physical therapy for preventing morbidity5,26.
In the PG, in which the women performed supervised 
shoulder exercises, the mean number of women who reported 
no difference in performing the activities requested in the 
pre-RT evaluation increased in the final evaluation, thus indi-
cating that there was less difficulty at the latter time. Among 
the women who did not participate in the physical therapy 
program, this percentage decreased between these evaluations. 
The trend towards improved functional capacity recorded in 
the final evaluation in the PG may be related to the better ROM 
found in this group. In addition, the self-confidence and stimu-
lation resulting from contact with health professionals and 
other women in the group could be an important factor, given 
that daily interaction with healthcare workers offered patients 
a sense of support27.
In contrast, it may be hypothesized that when experienc-
ing the painful effects of RT10, the women in the CG accepted 
restrictions on their mobility and tried to compensate for this 
limitation by using the contralateral arm or changing their 
working habits. 
Limitation
The assessment made six months after completing the 
RT minimized the interference of acute effects on the physical 
complications evaluated. However, there were limitations on the 
present study, as physical complications may appear over a mean 
latency period of four years28. Therefore, the interval used in this 
study may have been too short to detect the late effects of radia-
tion, such as the development of lymphedema and subcutaneous 
fibrosis9. A longer follow-up period might be appropriate for as-
sessing whether the promising results from the physical therapy 
performed during RT in the present study would persist.
Another limitation was that the physical therapists were not 
blinded to the allocation groups because these professionals 
supervised the exercise sessions for six weeks during RT. Thus, 
successful blinding of the examiner was not accomplished. 
This failure of blinding was compensated for by scheduling ap-
pointments for both the intervention and the control group on 
the same days and by scheduling appointments on the same 
day for patients with different follow-up visits.
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Conclusions
The results from this study support the proposal to provide 
physical therapy during RT, consisting of shoulder exercises. 
Physical therapy favors the maintenance of shoulder ROM in 
relating to flexion and abduction and minimizes the occur-
rence of scar tissue formation (adhesion) in women with breast 
cancer, during the first six months of follow-up.
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